
WWhhaatt  iiss  aann  MMSS44  ((MMuunniicciippaall  SSeeppaarraattee  SSttoorrmm  SSeewweerr  SSyysstteemm))??

Water is a limited natural resource, and
only 3% of all Earth’s water is in the

form of fresh water. Of that small amount,
99.7% of it is locked into glaciers and
groundwater, leaving only 0.3% available as
surface water. (View a graphic of this here:
http://ga.water.usgs.gov/edu/2010/gallery/
global-water-volume.html). The quality of
this valuable natural resource is under stress
from stormwater runoff, agriculture, and cli-
mate change. 

Many communities own and operate an
infrastructure of storm drains, pipes, ditches
and ponds to capture, collect and convey rain-
water runoff (a.k.a. stormwater) downstream.
These Municipal Separate Storm Sewer
Systems, or MS4s, are separated from sani-
tary sewer systems (i.e., where our household
drains go). The benefit of separating
stormwater from the sanitary sewer system
is that it prevents overloading of wastewater
treatment facilities. On the other hand, the
stormwater carried by the MS4 is not treated
before it is released to water bodies down-
stream; it would be expensive to treat
stormwater like we treat wastewater. The
Minnesota Water Sustainability Framework
(http://wrc.umn.edu/watersustainability
framework/index.htm) and the National
Water Quality Inventory-2004 Report to
Congress (http://water.epa.gov/lawsregs/
guidance/cwa/305b/index.cfm) concluded

that stormwater runoff is one of the leading
sources of pollution for our water resources.
MS4 operators in urban areas are required to
obtain a stormwater discharge permit by
developing and implementing a local
stormwater management program. The pur-
pose of these programs is to prevent and min-
imize pollutants such as excessive nutrients
or harmful heavy metals from getting into
their MS4 and being transported down-
stream. MS4 operators have found that the
stormwater programs that mimic natural
hydrology as much as possible are effective in
reducing stormwater discharge and lowering
pollutant loadings.

Each MS4 stormwater program has specific
control measures and practices for reducing
and managing excessive runoff. Over the past
three decades, water resources professionals
have developed various control measures and
practices including educating the public to
prevent the dumping of waste directly into
storm sewer systems. Another popular inno-
vation has been to construct raingarden
basins to capture rain water so it can soak into
the ground. The University of Minnesota
continues to be a national leader and 
information resource for stormwater
research. Visit http://stormwater.safl.umn.edu/
for the latest research, resources and 
educational programs about stormwater
management.
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OOvveerrvviieeww  In 2010 the Clearwater River
Watershed District (CRWD), in coopera-
tion with the Litchfield Cenex
Consumers Co-Op and other partners,
began a program to demonstrate the 
feasibility and utility of systematic soil
testing in reducing fertilizer application
and thus phosphorus load in agricultural
runoff.

Soil fertilizers are used throughout the
watershed and usually are applied at a
standard rate, even though soil nutrient
levels, soil type, and pH may vary signif-
icantly across a parcel.  Soil was tested on
a grid in each of 20 parcels to determine
the proper amount of fertilizer to be
applied to each section of the parcels.  The
applicators used the results of the soil
tests and GPS technology to apply the
precise amount of fertilizer needed in
each grid section.

Agricultural runoff is a significant source
of nutrients to the Clearwater River and
impaired lakes in the watershed.
Nutrient Total Maximum Daily Loads
(TMDLs) completed for 11 impaired
lakes in the Clearwater River Watershed
District (CRWD) identified the need to
reduce phosphorus load from 
agricultural sources by 80% to meet state
standards.

GGooaallss The goal of this program is a 10%
reduction in fertilizer application rates on
selected priority cropland in the portion
of the watershed tributary to Clear Lake
and Lake Betsy.  This reduction in fertil-
izer application rate will result in a signif-
icant reduction of the annual phosphorus
load to Clear Lake, Lake Betsy, and down-
stream water bodies.  It is estimated that
the program could potentially translate
into a 10%-50% reduction in phospho-
rus runoff from the watershed.

EEvvaalluuaattiioonn To evaluate the effectiveness
of this program, the CRWD plans to con-
duct monitoring at drain tile outlets in
fields participating in the program as well
as at drain tile outlets in fields receiving
fertilizer at standard application rates.
The data will be analyzed to determine
the connection between fertilizer applica-
tion, soil phosphorus concentration, field
sensitivity, and runoff concentration.

PPrroocceessss::
PPrrooppeerrttyy  SSeelleeccttiioonn The CRWD identified
priority croplands within the watershed
based on their proximity to water bodies,
slope and soil type.  Litchfield Cenex Co-
Op then invited landowners in these
areas to participate in the program and
evaluated and selected fields for the
study.

SSooiill  TTeessttiinngg Soil sampling grids were set
up based on field size.  Fields larger than
20 acres were sampled on a 2.2 acre grid
while fields smaller than 20 acres were
sampled every 2 acres or in at least 10
locations.

A soil sample was collected at each point
on the sampling grid, and samples were
analyzed for phosphorus, potassium, zinc,
sulfur, pH, and organic matter.

FFeerrttiilliizzeerr  AApppplliiccaattiioonn Based on the
results of the soil tests at each point, an 
application rate was determined for each
type of fertilizer to be applied.  GPS 
technology was used by the fertilizer
applicator to determine the correct rate at
which to apply fertilizer in each grid in
the crop field.

PPhhoosspphhoorruuss  aanndd  AAggrriiccuullttuurraall  RRuunnooffff::
Phosphorus enters lakes and streams
either as soluble (dissolved) phosphorus
or in particulate form attached to soil par-
ticles in runoff.

The ideal range of phosphorus for crop
uptake in agricultural fields is 25-30 ppm.
Past soil tests have shown that phospho-
rus concentrations in the watershed often
are in the range of 35-45 ppm and may be
as high as 100 ppm in over-fertilized soils.

Once soil phosphorus levels exceed con-
centrations needed for crop uptake, addi-
tional applications of fertilizer will not
provide any benefit to the crops and will
increase the potential for phosphorus
runoff.

WWhhaatt  DDooeess  iitt  MMeeaann??
Analysis of 2010 results indicates that the
use of soil testing and variable-rate fertil-
izer application reduced application rates
and costs and results in less excess phos-
phorus available for runoff.

The application of this program on 1,427
acres in the watershed tributary to Lake
Betsy resulted in a reduction of 
approximately 50,000 pounds of excess
phosphorus fertilizer. If applied over the
approximately 21,000 acres of land in
row crop production in the entire water-
shed to Lake Betsy, the use of variable-
rate fertilizer application potentially
could reduce the amount of phosphorus
fertilizer applied in the watershed by 
approximately 700,000 pounds.

AArreeaa  GGrroowweerrss  LLaauunncchh  NNuuttrriieenntt  MMaannaaggeemmeenntt  PPrrooggrraamm::  RReessuullttss  IInnddiiccaattee
RReedduuccttiioonn  ooff  FFeerrttiilliizzeerr  RRaatteess  aanndd  PPhhoosspphhoorruuss  RRuunnooffff
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For the past 20 years, a growingemphasis has been placed on provid-
ing environmentally friendly and effec-
tive erosion control for shorelines. “Soft
armor,” “soil bioengineering” and
“shoreline restoration” have become
part of practitioners’ vocabulary. These
terms refer to the process of establish-
ing a plant community that will resist
erosion – the preferred option to hard
armor (e.g., rock riprap, etc.) when site
conditions will allow it.

Numerous resources for shoreline ero-
sion control have been developed.
Shoreline soil bioengineering methods
and installation protocols are found in
the USDA Natural Resources
Conservation Service Engineering Field
Handbook (1992, 1996) and A Soil
Bioengineering Guide for Streambank
and Lakshore Stabilization (Eubanks
2002), as well as local adaptations of this
material. Wisco   nsin DNR created an
online Erosion Energy Calculator and
Erosion Intensity Worksheet to help
determine whether biological shore
protection (live plants), vegetated
armor, rock riprap or seawall is appro-
priate for properties experiencing
shoreline erosion.

However, there is very little guidance
on how to link these two types of
resources (i.e., what specific combina-
tion of erosion control methods and
products to use on a site with a given
combination of site conditions) and
what specific plants are needed to get
the job done in our area – referred to as
“workhorse species.”

Available online by early 2013, a new
resource – The Shoreline Erosion
Control Decision Tool – will provide the
missing link. This online tool was
designed with input from an expert
panel of experienced and innovative
natural resource professionals, nursery
and landscape professionals, consultants
and contractors in Minnesota for their
use while working with clients on-site,
as well as a reference while designing

projects or responding to erosion con-
trol inquiries at their offices. This tool
may be useful to other audiences as
well.

This decision tool requires users to
enter information about four distinct
areas of their shoreline: offshore,
nearshore, erosion toe, and
upland/wetland. Data entries involve
such parameters as fetch, frequency of
ice damage, water level fluctuation and
type of erosion present.  When entries
are complete, the user is presented with
a summary of their entries, a visual
cross-section of their shoreline, a list of
general erosion control practices or
combinations of practices to consider
for each of the four zones. These gener-
al headings are color-coded according to
their effectiveness and appropriateness
for the particular set of shoreline
parameters: green for effective and
appropriate, yellow for use care/caution
with this practice (limited or inconsis-
tent data for these conditions), red for
ineffective, and orange for inappropri-
ate (i.e., more environmentally friendly
and effective options are available).
Clicking on a heading produces a drop-
down box of more specific erosion con-
trol practices - also similarly color-
coded. If the user wishes to find out
more about this specific practice, click-
ing on it produces a printable informa-
tion page. Most of these information
pages are adapted from the NRCS
Engineering Field Handbook with input
from the Minnesota expert panel. They
include a materials list, instructions for

installation, a shoreline cross-section
depicting the installed practice, appro-
priate plant species for Minnesota, and
before/after installation images of a
shoreline.

The erosion control recommendations
are based upon a combination of exist-
ing references, data collected from
existing erosion control projects and
input from the Minnesota expert panel.
These recommendations will be updat-
ed on the web decision tool as users pro-
vide constructive suggestions, addition-
al data are collected, and new meth-
ods/materials are developed and tested.

Look for the decision tool web link in
the next From Shore to Shore
newsletter!

Funding for the research and develop-
ment of The Shoreline Erosion Control
Decision Tool was provided by a
Minnesota Pollution Control Agency
319 grant. Numerous individuals from
institutions, agencies, organizations and
private businesses in Minnesota,
Michigan and Wisconsin were instru-
mental in conducting the research for
and development of this decision tool.
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TThhee  UUnniivveerrssiittyy  ooff  MMiinnnneessoottaa  iiss  aann  eeqquuaall  

ooppppoorrttuunniittyy  eemmppllooyyeerr  aanndd  eedduuccaattoorr..

CCoonnttaacctt
KKaarreenn  TTeerrrryy
UUnniivveerrssiittyy  ooff  MMiinnnneessoottaa  EExxtteennssiioonn

FFrroomm  SShhoorree  ttoo  SShhoorree  EEddiittoorr
332200--558899--11771111

kktteerrrryy@@uummnn..eedduu Soil is our foundation and an essential
component of green infrastructure in

stormwater management. Soil provides
structure beneath our feet, stores nutri-
ents for plant growth, filters contaminants
from runoff and regulates the movement
of water.  Green infrastructure refers to
use of plants and natural systems in our
built communities to help manage and
treat stormwater runoff.  

In September, more than 225 water
resource professionals, soil scientists,
urban planners, landscape architects, and
others joined together in an all-day
Summit addressing the concept of "liv-
ing" soil, how it functions and the connec-
tion between healthy soil and clean water
in our communities. Featured presenta-
tions included practices and policies relat-
ed to soil and landscapes that can protect
soil systems, rejuvenate disturbed ground,
and effectively manage stormwater.

HHeerree  aarree  ssoommee  ssooiill  ccoonncceeppttss  ddiissccuusssseedd  aatt
tthhee  SSuummmmiitt  wwoorrtthh  kkeeeeppiinngg  iinn  mmiinndd::

• Soil is a complex living system that 
sustains many forms of life on Earth.

• Soil is a medium for plant growth, but
has many more functions.  

• Soil stores and cycles nutrients. 

• Soil regulates water movement.
• Soil filters, buffers, degrades, immobi-
lizes, and detoxifies pollutants.

• Soil provides support for structures.
• Urban agriculture can play a role in pro-
viding food, improving human health,
bolstering the local economy, training
youth, and connecting people to the
land.  A cornerstone of urban agriculture
is healthy soil.

• Proper management is essential for
maintaining a vibrant and functional
soil.

More information and presentations from
the Summit are available online at
www.arboretum.umn.edu/2012green
infrastructurecleanwater_essentialsoil.aspx.

Want to explore more soil concepts? Visit
the “Dig It” exhibit at the Bell Museum of
Natural History (www.bellmuseum.umn.edu)
in Minneapolis November 8, 2012- July
31, 2013 in honor of the centennial cele-
bration of the Department of Soil, Water,
and Climate.

GGrreeeenn  IInnffrraassttrruuccttuurree  ffoorr  CClleeaann  WWaatteerr  --  TThhee  EEsssseennttiiaall  
RRoollee  ooff  SSooiill    

AA  ppuubblliiccaattiioonn  ooff  tthhee  WWaatteerr

RReessoouurrcceess  TTeeaamm,,  ddeeddiiccaatteedd  ttoo  

eedduuccaattiinngg  MMiinnnneessoottaa  cciittiizzeennss

aabboouutt  sshhoorreellaanndd  mmaannaaggeemmeenntt  ttoo

iimmpprroovvee  wwaatteerr  qquuaalliittyy,,  hhaabbiittaatt,,

aanndd  aaeesstthheettiiccss  ooff  oouurr  llaakkeess  aanndd

rriivveerrss..

FFrroomm  SShhoorree  ttoo  SShhoorree iiss  aavvaaiillaabbllee

iinn  hhaarrdd  ccooppyy  aanndd  eelleeccttrroonniicc  

ffoorrmmaattss..    AArrcchhiivveedd  iissssuueess  aarree  

aavvaaiillaabbllee  oonnlliinnee  aatt  

wwwwww..sshhoorreellaannddmmaannaaggeemmeenntt..oorrgg

TToo  ssuubbssccrriibbee  oorr  uunnssuubbssccrriibbee,,  pplleeaassee

ccoonnttaacctt  BBaarrbb  LLaaPPllaannttee  aatt

bbjjaa@@uummnn..eedduu  oorr  332200--558899--11771111..
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Soil profile of the Lester series soil.
Source MAPSS. Photo courtesy of the
Minnesota Landscape Arboretum.  2012
Clean Water Summit 

Photo courtesy of J.Bilotta, U of MN
Extension. 2012 Clean Water Summit
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